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(g) Multiple-beam image forming apparatus. 

@ A correction device for correcting the devia- 
tion of light beams of a primary scanning direc- 
tion used for an image forming apparatus in 
which a plurality of light beams are simul- 
taneously scanned on a recording medium in 
the primary scanning direction so that a plurali- 
ty of lines are simultaneously recorded. The 
correction device includes a plurality of beam 
detectors, the number of which corresponds to 
the number of beams of light, are disposed in a 
scanning region in parallel with the primary 
scanning direction. Only one light beam is inci- 
dent upon each beam detector, and a difference 
of detection time between the plurality of beam 
detectors is detected by a same beam detection 
interval detector. A beam detection controller 
controls so that one different beam of light is 
selectively incident upon each beam detector. A 
different beam detection interval detector de- 
tects a time difference between the beam detec- 
tor by which different light beams are detected. 
In accordance with the time difference detected 
by the same beam detection interval detector 
and also the time difference detected by the 
different beam detection interval detector, a 
deviation time calculator calculates the devia- 
tion of a plurality of light beam of the primary 
scanning direction. In accordance with the time 
calculated by the deviation time calculator, a 
deviation corrector controls the phase of print- 
ing clock for the image formation conducted by 
the plurality of light beams and also controls a 
timed relation of the start of image formation. 
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The present invention relates to a correction de- 
vice for correcting the deviation of laser beams of the 
primary scanning direction used for an image forming 
apparatus. More particularly, the present invention 
relates to a correction device for correcting the devia- 
tion of laser beams of the primary scanning direction 
used for an image forming apparatus in which a plur- 
ality of beams of light simultaneously conduct scan- 
ning so that a plurality of lines can be simultaneously 
recorded. 

In an image forming apparatus, a laser beam 
modulated in accordance with an image signal is re- 
flected on a rotational polygonal mirror so that the las- 
er beam scans on a recording medium. In order to in- 
crease the recording speed in the above image form- 
ing apparatus, a plurality of laser beams are used and 
a plurality of lines are simultaneously recorded. The 
above construction is well known. 

However, in the case where a plurality of laser 
beams simultaneously conduct scanning, the scan- 
ning position of the plurality of laser beams are devi- 
ated in the primary scanning direction. Accordingly, it 
is impossible to conduct image formation accurately 
and stably. 

In order to solve the above problems, the follow- 
ing technique is disclosed in Japanese Patent Public- 
ation Open to Public Inspection No. 188713/1990: 
Positions of a plurality of laser beams of the primary 
scanning direction is intentionally deviated before- 
hand, and a positional relation of the scanning posi- 
tion of each laser beam is investigated to be made 
clear. Then, a synchronization signal corresponding 
to each of the laser beams is generated, and record- 
ing operation of each laser beam is controlled in ac- 
cordance with the corresponding synchronization sig- 
nal. 

However, when the positional relation between 
the scanning positions of laser beams has collapsed, 
it is difficult to obtain an accurate synchronization sig- 
nal corresponding to each laser beam. Therefore, it is 
necessary to improve the mechanism by which a 
semiconductor laser is mounted, and further it is nec- 
essary to make the mount mechanism of heat resis- 
tant material so that the positional relation of the 
scanning position of a plurality of laser beams can be 
maintained. For this reason, the cost of the apparatus 
is increased. 

It is an object of the present invention to provide 
a correction device of laser beam deviation of the pri- 
mary scanning direction used in an image forming ap- 
paratus in which a plurality of light beams simultane- 
ously conduct the scanning operation so as to record 
a plurality of lines, wherein the deviation of the plur- 
ality of light beams of the primary scanning direction 
is detected, and the image forming position of each 
light beam is corrected by a simple structure in accor- 
dance with the result of the detection. 

According to the present invention, in the correc- 



tion device for correcting the deviation of light beams 
of the primary scanning direction used for an image 
forming apparatus, a plurality of beams of light simul- 
taneously conduct scanning on a recording medium in 

5 the primary scanning direction so that a plurality of 
lines are simultaneously recorded. The construction 
of the correction device for correcting the deviation of 
light beams of the primary scanning direction will be 
described as follows. 

10 A plurality of beam detecting means, the number 
of which corresponds to the number of beams of light, 
are disposed in a scanning region in series in the pri- 
mary scanning direction. 

Only one beam of light is incident upon each 

15 beam detecting means, and a difference of detection 
time between the plurality of beam detecting means 
is detected by the same beam detection interval de- 
tecting means. 

On the other hand, a beam detection control 

20 means operates as follows. By the action of the beam 
detection control means, one different beam of light 
is selectively incident upon each beam detecting 
means. Under the condition controlled by the beam 
detection control means, a different beam detection 

25 interval detecting means detects a time difference 
between the beam detecting means by which differ- 
ent beams of light are detected. 

A deviation time calculation means operates as 
follows. In accordance with the time difference de- 

30 tected by the same beam detection interval detecting 
means and also the time difference detected by the 
different beam detection interval detecting means, 
the deviation time calculation means calculates the 
deviation time of a plurality of beams of light of the pri- 

35 mary scanning direction. 

In accordance with the time calculated by the de- 
viation time calculation means, a deviation correction 
means controls the phase of printing clock for the im- 
age formation conducted by the plurality of beams of 

40 light and also controls the timed relation of the start 
of image formation. 

In this case, the time in the same beam detection 
interval detecting means, the different beam detec- 
tion interval detecting means and the deviation time 

45 calculation means may be found in the form of a count 
value of the printing clock and also in the form of a 
phase difference of the printing clock in accordance 
with a plurality of printing clocks of different phases. 
Further, the deviation correction means may op- 

so erate as follows. In accordance with a phase differ- 
ence of printing clock which is the deviation time cal- 
culated by the deviation time calculation means, the 
deviation correction means may select a printing 
clock corresponding to each beam of light from the 

55 plurality of printing clocks. Also, in accordance with a 
count value of the printing clock which is the deviation 
time calculated by the deviation time calculation 
means, the deviation correction means may control a 
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timed relation of the start of image formation conduct- 
ed by each beam of light. 

In accordance with the result of calculation con- 
ducted by the deviation time calculation means, the 
different beam detection control means may judge a 5 
head beam of light conducting the scanning operation 
in the primary scanning direction. In order to make at 
least the head beam of light to be incident upon the 
beam detecting means on this side in the primary 
scanning direction, a relation between each beam de- 10 
tecting means and the plurality of beams of light is re- 
newed, and a detection signal of the beam detecting 
means on this side in the primary scanning direction 
is outputted as an index signal for controlling a timed 
relation of the start of image formation. 15 

In accordance with the result of calculation con- 
ducted by the deviation time calculation means, a 
head beam of light conducting the scanning operation 
in the primary scanning direction may be judged, and 
in the different beam detection control means, a de- 20 
tection signal of the light beam detecting means upon 
which the head light beam is incident, may be output- 
ted as an index signal of the image formation start 
timing control. 

In the case where scanning is conducted only by 25 
one beam of light and the same beam of light is made 
to be incident upon each beam detecting means, de- 
tection signals of the beam detecting means are out- 
putted at a time difference corresponding to the inter- 
val of the beam detecting means. 30 

On the other hand, in the case where different 
beams of light are selectively made to be incident 
upon the beam detecting means, when there is no de- 
viation of the primary scanning direction among a 
plurality of beams of light, the detection signals of the 35 
beam detecting means are outputted at a time differ- 
ence corresponding to the intervals of the beam de- 
tecting means in the same manner as that of a case 
in which the same beam of light is incident. However, 
when there is a deviation of the primary scanning di- 40 
rection among a plurality of beams of light, the output 
intervals of the detection signals are changed by the 
time corresponding to the deviation. 

Accordingly, when the intervals of the detection 
signals outputted from the beam detecting means are 45 
detected in the case where different beams of light 
are selectively incident upon the beam detecting 
means, the deviation of the primary scanning direc- 
tion between the plurality of beams of light can be 
found as the time at a predetermined primary scan- so 
ning speed when a deviation is calculated between 
the output time difference of the detection signal and 
the output time difference detected when the same 
beam of light is incident. 

In accordance with the deviation of the primary 55 
scanning direction found in the aforementioned man- 
ner, the phase of the printing clock for image forma- 
tion and the timed relation of the start of image for- 



mation may be controlled. In this way recording can 
be accurately conducted by each beam of light while 
the beams are aligned in the primary scanning direc- 
tion. 

That is, deviation of a plurality of beams of the pri- 
mary scanning direction can be compensated in the 
following manner. The timed relation of the start of i m- 
age formation is made to deviate for each beam of 
light, and the phase of the printing clock is set for each 
beam of light. 

In this case, the detection signal of the beam de- 
tecting means is measured as the count value of the 
printing clock and as the phase difference of the print- 
ing clock, using a plurality of printing clocks of differ- 
ent phases, and then the results of measurement are 
compared with respect to each count value and phase 
difference. In this way, the deviation time is found as 
the count value of the printing clock and as the phase 
difference of the printing clock. Therefore, the phase 
of the printing clock and the timed relation of the start 
of image formation can be preferably controlled. 

In the case where the deviation time is found by 
the count value of the printing clock and the phase dif- 
ference, the printing clock corresponding to each 
beam of light can be selected in accordance with the 
phase difference of the printing clock, which has been 
found as deviation time, and the timed r elatio n of the 
start of image formation of each beam of light is con- 
trolled in accordance with the count value of the print- 
ing clock, which has been found as deviation time. 
When the above construction is employed, deviation 
in the period of the printing clock can be corrected by 
shifting the phase of the printing clock, and also de- 
viation of an integral multiple of the period of the print- 
ing clock can be corrected by the timed relation of the 
start of image formation. 

In this case, it is preferable that the order of a plur- 
ality of beams of light in the primary direction is 
judged in accordance with the result of calculation of 
deviation time. Also, it is preferable that an index sig- 
nal of the timed relation control of the start of image 
formation is synchronized with the detection time of 
the beam of light which is the head in the scanning op- 
eration of the primary scanning. 

Therefore, a relation between the beam of light 
and the beam detecting means is changed so that the 
beam of light which is the head in the scanning oper- 
ation is made to be selectively incident upon the beam 
detecting means on this side in the primary scanning 
direction in accordance with the result of judgment of 
the scanning order. In this way, the detection signal 
of the beam detecting means disposed on this side in 
the primary scanning direction is used as an index 
signal. 

Alternatively, the detection signal of the beam de- 
tecting means upon which the head light beam is in- 
cident may be used as an index signal. 

The invention will be further described by way of 
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non-limitative example with reference to the accom- 
panying drawings, in which:- 

Flg. 1 is a perspective view showing an example 
of the image exposure system of the present inven- 
tion. 5 

Fig. 2 is a schematic illustration showing the de- 
tails of the index sensor. 

Fig. 3 is a flow chart showing the circumstances 
of detection and correction of deviation. 

Fig. 4 is a time chart showing the characteristics 10 
of detection of deviation time. 

Fig. 5 is a time chart showing the method for 
measuring detection intervals. 

Fig. 6 is a time chart showing the method for 
measuring detection intervals. 15 

Fig. 7 is a block diagram showing the circuit struc- 
ture for detecting and correcting deviation. 

An example of the present invention will be ex- 
plained as follows. 

Fig. 1 is a view showing an example of the image 20 
exposure system of a laser printer to which the pres- 
ent invention is applied. In the laser printer of this ex- 
ample, two laser beams 11 and 12 are modulated in ac- 
cordance with image data. Then, the two laser beams 
11 and 12 conduct scanning in parallel with the primary 25 
scanning direction, so that two lines can be simulta- 
neously recorded. 

In Fig. 1 , the light source unit 1 includes two sem- 
iconductor lasers 1a, 1b which are in alignment. Two 
beams of divergent light emitted from the light source 30 
unit 1 are made to be two parallel beams L1 and 12 
by the action of the condenser lens 2. 

The two laser beams L1 , L2 irradiate the polygo- 
nal mirror 3. After the two laser beams L1, 12 have 
been reflected on the polygonal mirror 3, they pass 35 
through the f9 lens 4 and scan the surface of the pho- 
toreceptor drum (recording medium) 5. 

The photoreceptor drum 5 is rotated synchro- 
nously with the primary scanning conducted by the 
laser beams L1 and L2. Due to the rotation of the pho- 40 
toreceptor drum 5, the laser beams L1 and L2 are rel- 
atively moved in the subsidiary scanning direction 
with respect to the photoreceptor drum 5, so that two- 
dimensional image recording can be performed. 

As described above, two lines of image exposure 45 
are simultaneously conducted in accordance with im- 
age data, and an electrostatic latent image is formed 
on the surface of the photoreceptor drum (recording 
medium) 5. Electrically charged toner particles, the 
polarity of which is reverse to that of the electrostatic so 
latent image, are deposited on the electrostatic latent 
image so that the latent image is developed. After 
that, the developed toner image is transferred onto a 
recording sheet in such a manner that the recording 
sheet is put on the toner image and an electrical 55 
charge of the reverse polarity is given to the recording 
sheet by a corona charger disposed on the reverse 
side of the recording sheet. 



Starting points of scanning operations conducted 
by the laser beams L1 and L2 reflected on the poly- 
gonal mirror 3, are detected by the index sensor 
(beam detecting means) 6 disposed at a fore end side 
of the scanning region. 

As shown in Fig. 1, the reflecting mirror 7 guide 
the laser beams L1 and L2 to the index sensor 6 when 
the laser beams L1 and L2 are irradiated on the end 
of the scanning line. 

As illustrated in Fig. 2, the index sensor 6 in- 
cludes two light receiving sections A and B. Each of 
the light receiving sections A and B is a sensor to out- 
put a detection signal of the laser beam. The light re- 
ceiving sections A and B are disposed in the primary 
scanning directions of the laser beams L1 and L2, so 
that the two laser beams L1 and L2 are simultaneous- 
ly incident upon the light receiving sections A and B. 
In the following description, the two light receiving 
sections A and B of the index sensor 6 are respective- 
ly referred to as sensors A and B, that is, the following 
explanation will be given under the condition that the 
index sensor 6 includes the two beam detecting 
means corresponding to the number of beams. 

In this connection, in the case of a laser printer by 
which two lines are simultaneously recorded by two 
laser beams L1 and L2 as described above, image 
formation can not be accurately carried out when the 
scanning positions of the laser beams L1 and L2 are 
shifted to the primary scanning direction. In order to 
solve the above problems, the laser printer of the 
present invention has a function of correcting the de- 
viation of laser beams of the primary scanning direc- 
tion in such a manner that the deviation in the primary 
scanning direction is detected and the writing posi- 
tions of the laser beams L1 and L2 are controlled in 
accordance with the detected deviation. 

According to the flow chart shown in Fig. 3, the 
fundamental operation for detecting and correcting 
beam deviation will be explained below. Construction 
of the hardware conducting the operation shown in 
Fig. 3 will be described later. 

First, when the power source is turned on, or im- 
mediately before the formation of an image, only one 
laser beam L1 is turned on, and scanning operation 
is conducted in the same manner as that of normal im- 
age recording. Therefore, the laser beam L1 is inci- 
dent upon the sensors A and B (two beam detecting 
means) of the index sensor 6. (S1) 

At this time, a period of time T<X> is measured, in 
this case, TO is defined as a period of time which has 
passed from when the laser L1 is detected by the sen- 
sor A on this side of the scanning direction (that is, a 
rise of the detection signal of the sensor A), to when 
the laser beam L1 is detected by the sensor B on the 
far side of the scanning direction (that is, a rise of the 
detection signal of the sensor B). (S2 shown in Fig. 4) 

The period of time T<D corresponds to an interval 
between the sensors A and B under the condition of 
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a predetermined scanning speed. When only the las- 
er beam L2 is turned on instead of the laser beam L1 , 
the same interval time can be measured. 

The functions of S1 and S2 described above cor- 
respond to the same beam detection interval detect- 5 
ing means of this example. 

Next, the two semiconductor lasers 1a, 1b are 
controlled on the fore end side of primary scanning so 
that only the laser beam L1 is incident upon the sen- 
sor A and only the laser beam L2 is incident upon the 10 
sensor B (S3). The function of this S3 corresponds to 
the different beam detection control means of this ex- 
ample. Even in the normal image formation, the laser 
beams are selectively incident upon the sensors A 
and B as described above. 15 

Specifically, the operation is carried out as fol- 
lows: At the start of scanning, first, only the laser 
beam L1 is turned on, and scanning is conducted by 
the laser beam L1 . When the laser beam L1 is detect- 
ed by the sensor A, it is immediately turned off. In- 20 
stead of the laser beam L1, the laser beam L2 is 
turned on and scanning is conducted by the laser 
beam L2. Then, the laser beam 12 is detected by the 
sensor B. After the laser beam L2 has been detected 
by the sensor B, both laser beams L1 and L2 are 25 
maintained in a condition in which they are ready for 
being turned on. In this way. Both laser beams L1 and 
L2 are prepared for image recording (shown in Fig. 4). 

In the above construction in which the laser beam 
L1 is immediately turned off when the laser beam L1 30 
is detected by the sensor A and the laser beam L2 is 
turned on instead of the laser beam L1, a detection 
signal of the laser beam L2 is outputted from the sen- 
sor A when a scanning point of the laser beam L2 is 
set on the sensor A. Therefore, after the laser beam 35 
L1 has been detected by the sensor A, the output of 
the sensor A is preferably stopped, that is, the output 
of the sensor A is preferably subjected to masking. 

As described above, the sensor Adetects the las- 
er beam L1 , and the sensor B detects the laser beam 40 
L2, and the detection interval T2 between the sensors 
A and B is measured (S4). The function of this S4 cor- 
responds to the different beam detection interval de- 
tecting means of this example. 

In the case where there is no deviation of the pri- 45 
mary scanning direction between the laser beams L1 
and L2, the aforementioned time TO and T2 are the 
same, and a difference T1 (= T2 - JO) corresponds 
to the deviation in the scanning direction between the 
laser beams L1 and L2. Therefore, subtraction is per- so 
formed so as to find the deviation T1 between the 
time T<D and T2 (S5). The function of this S5 corre- 
sponds to the deviation time calculation means of this 
example. 

When the deviation T1 is a positive value, it rep- 65 
resents a condition in which scanning is performed 
whi le the laser beam L1 is taking the lead. On the con- 
trary, when the deviation T1 is a negative value, it rep- 



resents a condition in which scanning is performed 
while the laser beam L2 is taking the lead. 

In this case, the time T<D and T2 are measured in 
the manner illustrated in Figs. 5 and 6. 

In Fig. 5, df 0 is a reference clock cf k (reference 
printing clock), and 15 types of delay clocks (printing 
clocks) df1 to df 15 obtained when the reference 
clock elk is successively delayed by 1/16 period are 
generated by a digital delay line. In Fig. 5, only clocks 
dfO, df 1, df2, df 10, and df 12 are shown, and other 
delay clocks are omitted in the drawing. 

For example, when a clock synchronizing with the 
rise of the detection signal of the sensor A (that is, a 
clock rising first immediately after the rise of the de- 
tection signal) is clock df 10, the rise of the synchron- 
ization is made to be the first count, and then the rise 
of this clock df 10 is successively counted. 

When a detection signal rises during the counting 
operation and also when a clock synchronizing with 
the rise of the detection signal is df 12, an output time 
difference between the detection signals of the sen- 
sors A and B can be found in the following manner 
A value obtained when 1 is subtracted from the count- 
ed number of the rises of the clock df 10 (the counted 
number includes the rise of clock df 10 synchronizing 
with the detection signal of the sensor A), is multiplied 
by the clock period. The obtained time is added by the 
phase difference (2/16 period) between the clocks 
df 10 and df 12. The value obtained through this ad- 
dition is the output time difference between the de- 
tection signals of the sensors A and B. 

In the same manner, in the case shown in Fig. 6, 
an output time difference between the detection sig- 
nals of the sensors A and B can be found in the fol- 
lowing manner: A value obtained when 1 is subtracted 
from the counted number of the rises of the clock 
df 10 (the counted number includes the rise of clock 
df 10 synchronizing with the detection signal of the 
sensor A), is multiplied by the clock period. The ob- 
tained time is added by the phase difference (4/16 
period) between the clocks df 10 and df 14. The value 
obtained through this addition is the output time dif- 
ference between the detection signals of the sensors 
A and B. 

As described above, in this example, the detec- 
tion interval of the sensors A and B is measured in the 
form of the counted valueof the printing clock and the 
phase difference of the printing clock while the mini- 
mum unit is 1/16 of the printing clock period. 

For example, when only the laser beam L1 is in- 
cident upon each of the sensors A and B, a synchron- 
izing relation is provided as illustrated in Fig. 5. On 
the assumption that the counted number of the clock 
is 11, and when the laser beams L1 and L2 are selec- 
tively incident upon the sensors a and b, a synchron- 
izing relation is provided as illustrated in Fig. 6, and 
it is assumed that the counted number of the dock is 
13. 
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In this case, the time measured in Fig. 5 is (10 + 
2/16) x (period), and the time measured in Fig. 6 is (12 
+ 4/16) x (period). Accordingly, when the count value 
and phase difference of the clock are respectively 
compared, the deviation time T1 can be found as 2 5 
counts of the count value of the clock (2 periods of the 
printing clock) and also as 2/16 period of the phase 
difference of the clock (2 steps of delay). 

In this connection, the phase difference corre- 
sponding to the deviation in a period of one clock can 10 
be expressed by the number of delay clock (the num- 
ber of steps of delay). For example, in the case where 
there is no deviation in one period, the number of de- 
lay clock is designated as 0, and in the case where 
there is a deviation of 2/1 6 period, the number of de- 1 s 
lay clock is designated as 2. 

As described above, the deviation time T1 of the 
two laser beams L1 , L2 in the primary scanning direc- 
tion is found by the deviation time expressed as an in- 
tegral multiple of the printing clock period, and also by 20 
the phase difference (0/16 to 15/16 x period) which is 
a deviation in one period of the printing clock. Then, 
in accordance with the detection of the deviation time, 
the phase of the printing clock for image formation 
conducted by laser beams L1 , L2, and the time to start 25 
the image formation are controlled. Due to the fore- 
going, image formation can be accurately conducted 
even when the beam of the primary scanning direc- 
tion is deviated. In this connection, the phase of the 
printing clock and the time to start image formation 30 
are controlled in a section shown by S6 in Fig. 3, The 
function of this S6 corresponds to the deviation cor- 
rection means. 

Specifically, the deviation in one period of the 
printing clock shown by the phase difference of the 35 
printing clock is given to the synchronization circuit. 
Printing clock DCLK1 corresponding to the laser 
beam L1 and printing clock DCLK2 corresponding to 
the laser beam L2 are selectively outputted from the 
printing clocks dlO to df 15 so that the phases of the 40 
printing clocks can have a difference corresponding 
to the aforementioned deviation. 

In the case where the laser beam L1 takes the 
lead and conducts scanning, the beam L1 is selec- 
tively incident upon the sensor A, and the detection 45 
signal of the sensor A is outputted as an index signal 
"index". A delay clock synchronizing with the index 
signal "index" is selected as the printing clock DCLK1 
for the laser beam L1 . A printing clock having a phase 
difference corresponding to the deviation with re- so 
spect to the printing clock for the laser beam L1, is 
made to be the printing clock DCLK2 for the laser 
beam L2. 

Consequently, when the deviation of the printing 
clock DCLK1 for the laser beam L1 synchronizing with 55 
the index signal "index", is 2/16 period, the printing 
clock DCLK2 for the laser beam L2 may output the de- 
lay clock df 12. By the aforementioned phase differ- 



ence of the printing clock, the deviation in one period 
of the printing clock can be corrected. 

On the other hand, the deviation found as the 
count value of the printing clock is given to the HV 
generating section. In the HV generating section, an 
effective image region (the time for starting image 
formation) controlled in accordance with the count of 
the printing clock is controlled for for each of the laser 
beams L1 and L2 in accordance with the deviation of 
the primary scanning direction. Due to the foregoing, 
the beam deviation expressed by an internal multiple 
of the printing clock period can be corrected. 

For example, in the case where a writing position 
of the laser beam L1 taking the lead is determined to 
be a point of time at which the count number of the 
printing clock DCLK1 from the index signal "index" 
becomes N, a writing position of the laser beam 12 
which conducts scanning behind the laser beam L1, 
is determined to be a point of time at which the count 
number of the printing clock DCLK2 from the index 
signal "index" becomes a count value corresponding 
to N + (deviation). Due to the foregoing, the deviation 
of an integral multiple of the period of the printing 
clock DCLK can be compensated. 

The deviation in one period of the printing clock 
DCLK, which can not be controlled to the writing pos- 
ition by counting the printing clock DCLK, is corrected 
by the phase difference between the printing clocks 
DCLK1 and DCLK2 as described above. As a result, 
the deviation of the primary scanning direction found 
as the count number and phase difference of the 
printing clock can be corrected, and image recording 
can be accurately conducted by the laser beams L1 
and L2. 

Next, with reference to Fig. 7, a specific example 
of the circuit diagram will be explained, in which the 
operation for detecting and correcting the deviation 
can be performed in the manner described above. 

In Fig. 7, the outputs fsa, fsb of the sensors A, B 
are respectively outputted to the phase detector (1) 
11 and the phase detector (2) 12. On the other hand, 
the reference clock CLK is inputted into the digital de- 
lay line 13. The digital delay line 13 outputs the delay 
clocksdf0todf15. 

The phase detectors (1), (2) 11, 12 respectively 
detect the delay clocks dlO to df 15 synchronizing 
with the rise of the detection signals of the sensors A, 
B (shown in Fig. 5 or Fig. 6). Results pd1, pd2 of the 
detection are outputted to the phase difference cal- 
culating section 14. In the phase difference calculat- 
ing section 14, a phase difference (unit:1/16 period) 
between the delay clock synchronizing with the sen- 
sor A and the delay clock synchronizing with the sen- 
sor B is found, that is, the fractions of detection inter- 
vals of the sensors A, B in the clock period are found, 
and the results are latched in the latch circuit 18 in ac- 
cordance with the one shot pulse generated in the one 
shot circuit 31. 
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The detection result pdf of the phase detector (1) 
1 1 is also outputted to the selector (1)15, and the se- 
lector (1)15 selectively outputs the delay clock sclk 
synchronizing with the detection signal of the sensor 
A. 

The dock set k is given to the counter 16. In the 
counter 16, the rising edge time of the output fsa, fsb 
of the sensors A, B is measured when the clock sdk 
is counted. In this connection, a section to be counted 
by the counter 16 is controlled by the flip-flop 17 into 
which the outputs fsa, fsb of the sensors A, B are in- 
putted. 

The count value cnt outputted from the counter 
1 6 is latched to the latch circuit 1 8 by the action of the 
one shot pulse generated from the detection signal of 
the sensor B. 

As described above, the detection intervals of the 
sensors A, B are found and latched as the count value 
and phase difference of the clock. First, the same las- 
er beam is incident upon the sensors A and B, and the 
detection interval TO of the sensors A, B is measured, 
and then different laser beams are incident upon the 
sensors A and B, and the detection interval T2 of the 
sensors A, B is measured. The results of measure- 
ment are latched. 

In the deviation time calculating section 19 (de- 
viation time calculation means), the count value and 
phase difference are compared as described above. 
The deviation time T1 of the laser beams L1 , L2 in the 
primary scanning direction is calculated by the dock 
count value and the clock phase difference, and the 
result of the calculation is latched. 

In the deviation time calculating section 19, when 
the scanning order of the two laser beams L1 , L2 is 
discriminated from the result of calculation of the de- 
viation time, it is determined whether the detection 
signal of the sensor A is made to be the index signal 
"index", or the detection signal of the sensor B is 
made to be the index signal "index". The result of de- 
termination is latched. 

In this connection, the data of the deviation time 
T1 and the result of selection of the index signal "in- 
dex" are latched in accordance with the trigger signal 
ZH generated when the time T<D is measured while 
only one of the laser beams is turned on in the case 
where the power source is turned on or immediately 
before the image formation is started. 

The deviation found as the count value of the 
clock, is outputted to a counter (not shown) generat- 
ing the HV signal (horizontal and vertical synchroni- 
zation signal) for controlling the time to start image 
formation. The deviation shown by the count value of 
the clock is corrected by the control of an effective im- 
age region in accordance with the count of the printing 
clock in which the common index signal "index" is 
used as reference. 

On the other hand, the deviation expressed by 
the phase difference of the printing clock is outputted 



into the phase difference calculation means 20. On 
the other hand, from the selector (2) 21 into which the 
detection results pdl, pd2 of the phase detectors (1), 
(2) 11, 12 are inputted, one of the detection results 
5 pd1 , pd2 is outputted into the phase difference calcu- 
lating section 20 in accordance with the result of se- 
lection of the index signal "index" described before. 

In the phase difference calculating section 20, a 
delay clock having the phase difference correspond- 
to ing to the deviation is calculated with respect to the 
delay clock inputted from the selector (2) 21 , then the 
result of the calculation is outputted into the selector 
(4) 22. 

Into the selector (4) 22, the phase difference in- 

15 formation according to the deviation correction is in- 
putted, and also the delay clocks df 0 to df 1 5 is input- 
ted from the digital delay line 13. Further, a detection 
signal of selected sensor Aor B is inputted into the se- 
lector (4) 22 from the selector (3) 23. From the selec- 

20 tor (4) 22, the printing docks DCLK1, DCLK2 corre- 
sponding to the laser beams L1, L2 are outputted to- 
gether with the index signal "index". 

For example, the following case is considered: 
The laser beam L1 takes the lead. Two laser beams 

25 L1 , L2 are selectively incident upon the sensors A, B. 
In this case, the laser beam L1 is incident upon the 
sensor A, and the deviation of the beams L1, L2 of the 
primary scanning direction is an amount correspond- 
ing to 2 counts of the printing dock, and also the de- 

30 viation is an amount corresponding to 2 steps (2/16 
period) of the phase difference. 

In this case, a detection signal of the sensor A is 
outputted as the index signal "index". On the other 
hand, a delay dock synchronizing with the index sig- 

35 nal "index" is outputted as the printing clock DCLK1 
corresponding to the laser beam L1. A delay dock 
having the phase difference of 2/16 period with re- 
spect to the printing clock DCLK1 is outputted as the 
printing clock DCLK2 for the laser beam L2. 

40 When the printing docks DCLK1, DCLK2, the 
phases of which are different, are outputted corre- 
sponding to the laser beams L1, L2, the deviation of 
the printing clock in one period can be corrected as 
the phase difference of the printing clock. 

45 In this connection, the synchronizing circuit 
shown in Fig. 3 indudes the phase detectors (1), (2) 
11, 12, digital delay line 13, phase difference calcu- 
lating section 20, selector (2) 21 , selector (4) 22, and 
selector (3) 23. 

so The deviation of an integral multiple of the print- 

ing clock period is reflected on the control (HV gen- 
erating section) by which the writing positions (the 
time of the start of image formation) of the laser 
beams L1, L2 are respectively set in accordance with 

55 the count of the printing dock. 

When the correction for compensating the devia- 
tion of the laser beams L1 , L2 of the primary scanning 
direction is conducted separately with respect to the 
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printing clock phase and also with respect to the im- 
age formation start timing, the loads given to the cir- 
cuit are reduced as compared with a case in which the 
deviation is corrected with respect to the image for- 
mation start time. 

The correction in which the image formation start 
time of the laser beams L1, L2 is deviated by integral 
multiples of the clock period can be realized by the 
construction in which the count number of the printing 
clock is made to differ with reference to the common 
index signal "index". Other than that, the following 
construction may be employed: With respect to the in- 
dex signal "index" for the beam L1 , an index signal "in- 
dex" for the beam L2 is generated in which the phase 
is delayed by the clock period corresponding to the 
detected deviation. With reference to the index signal 
"index" of each beam, the image formation start time 
is controlled in accordance with the same count num- 
ber. 

When it has been discriminated from the result of 
calculation of the deviation time that the laser beam 
L2 takes the lead in the primary scanning direction, 
the following correction may be conducted: 
A detection signal of the sensor B is used as the index 
signal "index". The image formation start time of the 
beam L1 which conducts scanning afterthe detection 
of the beam L2 by the sensor B, and the phase of the 
printing clock are delayed for correction in the same 
manner as the above example. 

When it has been discriminated from the result of 
calculation of the deviation that the laser beam L2 
takes the lead in the primary scanning direction, re- 
lations between the sensors A, B and the beams L1 , 
L2 may be changed so that the laser beam L2 is inci- 
dent upon the sensor A, and the laser beam L2 is in- 
cident upon the sensor B. In this way, the detection 
signal of the sensor Amay be used as the index signal 
"index" at all times. 

In the construction of the above example, two 
laser beams L1, L2 are used, however, it should be 
noted that the number of the beams is not limited to 
two. 

For example, in the case where three laser 
beams L1, L2, L3 are used, the operation is conduct- 
ed in the following manner: 
Three light receiving sections A, B t C aligned in the 
scanning direction are provided as the index sensor 
6. First, only one of the laser beams is turned on so 
as to conduct scanning, and the interval time T01 be- 
tween A and B, and the interval time T<X>2 between B 
and C are detected. 

Next, the laser beam L1 is selectively incident 
upon the sensor A, the laser beam L2 is selectively in- 
cident upon the sensor B, and the laser beam L3 is se- 
lectively incident upon the sensor C. In this way, de- 
tection signals are provided by the sensors A, B, C. 
At this time, detection signal interval T2-1 between A 
and B, and detection signal interval T2-2 between B 



and C are measured. 

As the deviation between T2-1 and T<D1, the de- 
lay time T1 L2 of the laser beam L2 with respect to the 
laser beam L1 is calculated, and as the deviation be- 
5 tween T2-2 and T<D2, the delay time T1 L3 of the laser 
beam L3 with respect to the laser beam L2 is calcu- 
lated. 

In the aforementioned time measurement, in the 
same manner as that of the example described be- 
to fore, the measurement is conducted with respect to 
the count of the printing clock and the phase differ- 
ence. The deviation expressed by the count number 
of the printing clock is reflected on the image forma- 
tion start time controlled in accordance with the count 
is of the printing clock. The deviation expressed by the 
phase difference of the printing clock is compensated 
by the phase difference of the printing clock corre- 
sponding to each beam. 

As explained above, according to the present in- 
20 vention, in an image forming apparatus in which a 
plurality of light beams simultaneously conduct scan- 
ning in the primary scanning direction so that a plur- 
ality of lines are simultaneously recorded, the phase 
of the printing clock and the image formation start 
25 time for image formation conducted by each light 
beam are controlled in accordance with the deviation 
of the light beam of the primary scanning direction. 
Therefore, even if a positional relation between the 
plurality of light beams of the primary scanning direc- 
30 tion is not constant, an accurate image formation can 
be simply and stably carried out. 



Claims 

35 

1. A correction device of beam deviation in a pri- 
mary scanning direction for use in an image form- 
ing apparatus in which a plurality of light beams 
are simultaneously scanned onto a recording me- 
40 dia in the primary scanning direction so as to re- 
cord a plurality of lines, said device comprising: 

(a) a plurality of light beam detectors, the 
number of which corresponds to the number 
of said plurality of light beams, disposed in a 

45 scanning area in series in the primary scan- 

ning direction of said recording media, each 
for detecting each of said plurality of light 
beams; 

(b) a first time difference detector for detect- 
so ing a difference of detection time between 

said plurality of light beams when a single light 
beam out of said plurality of light beams is ir- 
radiated onto each of said plurality of light 
beam detectors; 
55 (c) a beam detection controller for selectively 

irradiating a single light beam different from 
each other onto each of said plurality of light 
beam detectors; 
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(d) a second time difference detector for de- 
tecting a time difference between said plural- 
ity of light beam detectors by which different 
light beams are detected; 

(e) a time deviation calculator for calculating 5 
deviation time of a plurality of light beams in 

the primary scanning direction in accordance 
with the time difference detected by said first 
time difference detector and the time differ- 
ence detected by said second time difference 10 
detector; and 

(f) a deviation corrector for controlling phase 
of a printing clock to form images by each of 
plurality of light beams and a start timing of an 
image formation in accordance with the de- 15 
viation time calculated by said time deviation 
calculator. 



lated result by said time deviation calculator, and 
outputs a detection signal of a light beam detector 
onto which the head light beam is irradiated, as 
an index signal for controlling the image forming 
start timing. 

6. Image forming apparatus including a correction 
device according to any one of the preceding 
claims. 



2. The correction device of claim 1 , wherein the time 

in said first time difference detector, said second 20 
time difference detector and said time deviation 
calculator is acquired in the form of a count value 
of the printing clock and in the form of a phase dif- 
ference of the printing clock in accordance with a 
plurality of printing clocks of different phases. 25 

3. The correction device of claim 2, wherein said de- 
viation corrector selectively outputs a printing 
clock corresponding to each light beam from said 
plurality of printing clocks in accordance with a 30 
phase difference of printing clock which is a de- 
viation time calculated by said time deviation cal- 
culator, and controls start timing of an image for- 
mation by each light beam in accordance with a 
count value of the printing clock which is a devia- 35 
tion time calculated by said time deviation calcu- 
lator. 



4. The correction device of claim 1 , 2 or 3, wherein 
said beam detection controller judges a head 40 
light beam of the plurality of light beams which 
conducts a scanning operation in the primary 
scanning direction in accordance with the calcu- 
lated result by said time deviation calculator, a re- 
lation between each of the plurality of light beam 45 
detectors is renewed so that the head light beam 
is irradiated onto a light beam detector located 
most upstream in the primary scanning direction, 
and a detection signal of the light beam detector 
located most upstream in the primary scanning so 
direction is outputted as an index signal for con- 
trolling the image forming start timing. 



5. The correction device of claim 1 , 2 or 3, wherein 
said beam detection controller judges a head 55 
light beam of the plurality of light beams which 
conducts a scanning operation in the primary 
scanning direction in accordance with the calcu- 



9 



EP 0 620 671 A1 




EP 0 620 671 A1 



FIG. 2 



6 




PRIMARY 
* SCANNING 
DIRECTION 



11 



EP 0 620 671 A1 



FIG. 3 



S1 



ONLY L1 IS LIT 
FOR SCANNING 



S2 



TIME DIFFERENCE T<J> 
BETWEEN SENSORS A 
AND B IS DETECTED 



S3 



L1 AND L2 ARE 
RESPECTIVELY, 
SELECTIVELY INCIDENT 
UPON SENSORS A AND B 



S4 



DETECTION TIME 
DIFFERENCE T2 
BETWEEN L1 AND L2 IS 
DETECTED 



SUBTRACTION 



•S5 



da NUMBER OF 
DEVIATION 



SYNCHRONIZATION 
CIRCUIT SECTION 



INDEX 
DCLK2 FOR L2 

DCLK1 FOR L1 



COUNT VALUE OF 
DEVIATION 



HV GENERATING 
SECTION 



HV FOR L2 
HV FOR L1 



12 



EP 0 620 671 A1 



CO 



CO 



-e- 
I- 



CO 



2< 

P< 

-jZ 
< UJ 

S£ 

LUrt 
£=CO 



CM 



2 
< 
LU 

CD 

OC 
LU 
CO 
< 



LL LL 
0< OCO 
h-CC HOC 

DO ?0 
Q-CO P-co 
tz trz 

Z) LU D LU 

Oco Oco 



f- CM 

i i 

LU LU 

00 CO 

CC DC 

UJ LU 

CO CO 



LL 

o< 
i-gc 

?° 

Q-CO 

Oco 



LL 

OCO 

i-gc 
po 

p-co 
Oco 



13 



EP 0 620 671 A1 



LO 
LL 



o< 
po 

a. w 
Oco 




14 



EP 0 620 671 A1 



LL 

o< 

f-CC 

?° 
Q- C/3 

OW 




15 



EP 0 620 671 A1 



FIG. 7 



SENSOR A 
Q fsa 



CLK 



SENSOR B 
fsb 




ZH 



CSUB2 cy2[7:0] 18 

|cy[7:0] dfl[15:0] 

1 I LATCH h 18 J! 

LATC H [csdy2[7:0] 
1 I ' _ h — — — -—HTT^r CADD1 



T 

18 



cscy2[7:0] 




caddfi [7:01 
f ' 



20 



■O INDEX 
■Q DCL1 
■O DCL2 
-OFHC 



16 



EP 0 620 671 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 94 30 2111 



Category 



A 
A 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
of relevant passages 



EP-A-0 412 036 (IBM) 

* column 2, line 54 - column 3, line 11 * 

* column 7, line 31 - line 42 * 

US-A-4 933 549 (FUJIOKA ET AL.) 

* column 4, line 33 - column 5, line 39 * 

* column 7, line 28 - line 47 * 



US-A-4 950 889 (BUDD ET AL.) 
* column 7 t line 2 - line 62 * 



Relevant 
to claim 



1,6 

1,6 

2.3 
1,2,6 



CLASSIFICATION OF THE 
APPLICATION (1M.CLS) 



H04N1/04 
G06K15/12 



The present search report has been drawn up for all claims 



THE HAGUE 



TECHNICAL FIELDS 
SEARCHED (Ut.CI.5) 



H04N 

G06K 



1 July 1994 



Bequet, T 



CATEGORY OF CITED DOCUMENTS 

: particularly relevant if token alone 
: particularly relevant If combined with 

document of the same category 
: technological background 
: non-written disclosure 

intermediate document 



T : theory or principle underlying the invention 
E ; earlier patent document, but published on, or 

after the filing date 
D : document dted In the application 
L : document dted for other reasons 

& : member* oif the same patent 7am7^ 



17 



